We have cloned adherent synovial cells from rheumatoid synovitis. These can be generally divided into three types, including cells that have the characteristic features of dendritic cells (DCs), macrophagelike cells (MCs) and fibroblastlike cells (FCs), as classified by morphology and immunofluorescent staining. The cloned cells were able to divide and were cultured for up to 11 mo without any significant morphological changes. All the cloned cells were HLA-DR+ after 'y-interferon treatment.
Introduction
Bony resorption is one of the major pathological features in chronic inflammatory joint diseases such as rheumatoid arthritis (RA)' (1) . This process is related to collagenase and prostaglandin E2 (PGE2) present within the joints. Interleukin 1 (IL-1) has been suggested as a mediator in stimulating bone resorption (2) . IL-1 itself stimulates'the release of calcium from the bone and also induces degenerative substances such as collagenase and PGE2 from the synovial cells at sites ofbony destruction (3, 4) .
Dendritic cells (DCs), abundant in RA synovium and synovial fluid, are potent stimulators of the autologous mixed leukocyte reaction (5) (6) (7) (8) and also producers of IL-1 in response to mitogens (9) . A central role for the DCs in conditions such as rheumatoid synovitis has been proposed (8) , and the origin of the DCs has been a subject under study (10) . Some evidence indicates that the precursor of DCs may be the synovial fibroblasts, stimulated by substances of chronic inflammation (1 1).
However, experiments so far have been done by using a heterogenous mixture of adherent synovial cells including DCs, macrophagelike cells (MCs) and fibroblastlike cells (FCs) .
Therefore, we undertook this study to clone the adherent synovial cells to determine how many kinds of different cells are present in the synovial membrane, if the different types of cells are morphologically interchangeable, and finally whether the cloned synovial cells could release IL-1. The cloned adherent synovial cells consisted mainly of the cells with the characteristic features of FCs, DCs, and MCs as judged by morphology and function. These cloned cells were able to divide and release IL-1-like factor spontaneously.
Methods
Preparation ofsynovial cells. The synovial cells used in this study were obtained by arthroscopic synovectomy from the knee joints of five patients with classical or definite RA. All ofthe patients were receiving nonsteroidal antiinflammatory agents; additionally, some were on small doses of corticosteroids. After removing the adipose tissues, the specimens were minced, transferred to sterile plastic tubes, and then washed three times in phosphate-buffered saline (PBS). The minced synovial tissues were treated with PBS + 0.25% trypsin for 40 min at 370C, and then the cells in the supernatants were collected. The cells were washed three times in PBS and finally suspended in HAM F-12 medium (Gibco Laboratories, Grand Island, NY) supplemented with 10% fetal bovine serum (FBS), 5 X 10-5 M 2-mercaptoethanol (2ME), 100 U/ml ofpenicillin, and 100 Mg/ml ofstreptomycin. FCs comprised both -40-50% and DCs 5% of the total cell population from the original synovial specimens both culture.
Cloning ofsynovial cells. Synovial cell cloning was performed by limiting dilution (12) . The cells were suspended in the medium at a density of 2 cells/ml. 150 1l of the samples was then placed in 96-well, flat-bottomed culture plates (0.6 cell/well) and incubated at 37°C in a humidified atmosphere with 5% CO2. The day following the cloning of the synovial cells, each well was carefully examined with a microscope to see ifonly a single cell existed. Iftwo or more were observed, the well was categorized as a "poly-clone" well (Table I) (14) . After washing with PBS-2% FBS, the cells were examined by fluorescence microscopy.
As y-interferon is known to augment the expression of DR antigen on the cell surface, the cells were treated with 100 U/ml of recombinant -interferon (Shionogi, Tokyo, Japan) for 48 h at 370C in the case of HLA-DR MoAb staining. For antivimentin MoAb staining, the cloned cells were fixed in methanol at -20'C for 10 min, rinsed in PBS, incubated with PBS + 20% FBS at room temperature for 10 min, and washed with PBS. They were then incubated with 10 Al of antivimentin MoAb at 370C for 1 h, rinsed in PBS, incubated with 10 Ml of horseradish-peroxidase conjugated goat-anti-mouse IgM at room temperature for 30 min, rinsed in PBS, incubated for 5 min with 3,3'-diaminobenzidine tetrahydrochloride (Wako Pure Chemical Co., Tokyo) and then washed in PBS.
Phagocytosis of charcoal particles. Charcoal particles (Norit A, Wako, Japan: particle size < 6 Mm) were used to detect phagocytosis at a cell/particle ratio of 1:100. The cloned cells in 96-well culture plates (100-1,000 cells/well) were mixed with an appropriate number of charcoal particles for 24 h at 370C in humidified air + 5% CO2. Silica particles (Silicon Dioxide; Sigma Chemical Co., St. Louis, MO) were Assay ofIL-I. To detect IL-I -like activity in the supernatant from the cloned cells in the presence or absence ofpossible stimulants (2ME, FBS, PGE2, charcoal, or silica particles), the supernatants were collected after 48-h (PGE2) or 24-h (2ME, FBS, charcoal, and silica particles) stimulation (if stimulants were used), centrifuged, and kept at -20'C before use. The cultures were done with or without polymyxin B (final concentration: 12.5 Mg/ml; Sigma Chemical Co.) in the medium. Some of the samples were dialyzed against PBS for 24 h to remove PGE2, though PGE2 detected by radioimmunoassay revealed relatively low (10--10-9 M) concentrations in another experiment. Assay of IL-l-like activity was performed by a conventional thymocyte costimulation assay (16) . An ultrapure human IL-1 standard was purchased from Genzyme Corp. (Boston, MA; sp act: 100 U/ml; sp act: 8 U/pg protein; T cell growth factor contamination < 1%; interferon contamination < 1 U/ml). 5-6-wk-old C3H/HeJ mice were sacrificed by cervical dislocation. Their thymuses were minced and pressed through a stainless steel sieve, washed twice in complete medium and suspended with 2 X 10-5 M 2ME. Next, 100 Ml of thymocytes, 80 Cells were harvested onto Fiberglas paper using an automatic cell harvester and placed in scintillation fluid. The 3H content was determined by a liquid scintillation counter. The IL-l activity in units per milliliter of supernatant samples was calculated by comparison to a standard curve, obtained by using the ultrapure human IL-I standard. Interleukin 2 activity was also measured using the interleukin 2-dependent cell line, B6, as described previously (17) . No (Fig. 1 b-d) .
The MCs with an oval or rhombic: shape had a dense and round nucleus (Fig. 1 e) The last category of synovial cells was the FCs with a spindie-shape nucleus and cytoplasm (Fig. 1 f) . each other. The FCs are similar in appearance to type B synovial cells (20) . All the cloned cells were negative for nonspecific esterase staining after long-term culture, while MCs were positively stained only at a very early phase of the culture (20) .
Results of adherent synovial cell cloning from the five RA patients is shown in DCs were weakly reactive with antibodies to the C3bi receptor, (OKM1 and Leu 15) (Fig. 3 a, b ), OKDR and antivimentin. DCs became strongly positive for OKDR when stimulated with y-interferon (Fig. 3 c) . Neither OKT3 nor OKB7 MoAbs stained DCs. MCs were weakly reactive with monocyte MoAbs such as Leu M3 and OKM1 (Fig. 4 a, b) , OKDR and anti-vimentin MoAb. MCs were OKDR-positive when stimulated with y-interferon (Fig. 4 c) (21) . FCs were only positive for anti-vimentin MoAb (Fig. 5 a) (which is a characteristic marker for fibroblasts) and they became positive for OKDR after y-interferon stimulation (Fig. 5 b) .
Phagocytosis of the cloned cells. As shown in Fig. 6 , MCs phagocytosed a large number of charcoal particles (Fig. 6 a) , and FCs did so to a lesser degree (Fig. 6 b) , while neither DCs Positive when stimulated with y-interferon.
( Fig. 6 c) nor DC-like cells transformed from FCs by PGE2 did (Fig. 6 d) . IL-I-like activity in the culture supernatantfrom the cloned cells. The culture supernatants from the cloned cells in the absence of mitogens or stimulants were assayed for IL-1-like activity. As shown in Table IV , a relatively small number of DCs (30-50 cells) from different clones produced an IL-l-like factor ( 1-1.5 U/ml). Similarly, but to a lesser extent, both MCs and FCs secreted the IL-I-like factor spontaneously.
The IL-1-like activity in the culture supernatants from the cloned DCs, MCs, and FCs was dependent on the number of cells per well. From the approximate number of cells in the culture wells, the most efficient spontaneous producer of the IL-I-like factor was DC, followed by MC and FC. On a per cell basis, the DCs could produce the IL-1-like factor -10-30 times better than the FCs. The ability to produce IL-1-like factor by the cloned cells did not appear to be influenced significantly by cell passage because IL-I activity was relatively constant in the supernatant from DCs, MCs, and FCs over months of culture. IL-I activity was also produced by cloned cells that were cultured for 24 h in a medium free from FBS and 2ME or in a medium with polymyxin B to remove possibly contaminated lipopolysaccharides.
FCs produced the IL-1-like factor without stimulation.
The DC-like cells transformed from FCs stimulated by PGE2 produced more IL-1-like factor than the original FCs (Table   V) . Normal skin fibroblasts cultured in the same medium neither released IL-1 factor spontaneously nor did they produce it after PGE2 stimulation (data not shown). There was no change in the number of cells throughout the experiments. Silica particles are known to stimulate IL-I release from monocytes (15) . Cloned synovial adherent cells stimulated by silica particles produced 5 to 10 times more IL-1-like factor than resting cells (Table VI) . Although DCs showed no apparent phagocytosis of charcoal particles (Fig. 6 c) , production of IL-1-like factor by DCs was nonetheless increased following incubation with charcoal, to levels comparable to those achieved following by silica particles (data not shown). FCs were the best responders to silica treatment in terms of IL-1-like factor production. Silica did not affect the IL--like activity assay.
Discussion
Very few experiments on the long-term culture of synovial cells from patients with RA have been reported. Clams et al. examined rheumatoid synovial cells from 24 RA patients and reported that, in most cases, cell lines could not be established from the rheumatoid primary cultures, and the lines that could be established were short lived (17-198 d) (22) . In the present experiment, adherent synovial cells from RA patients were cloned and cultured for up to 11 mo. We still maintain 20 FC clones out of 50 (see Table II : patient Y.T. plus M.N.), 1 DC clone out of 8, and 1 MC out of 32 clones. The reason why our synovial cells survived longer than others is unclear. It is possible that we selected long-lived cell lines. Alternatively, cloned cells may live longer than uncloned heterogeneous cells. More likely, the use of a cloning medium, HAM F12, favors the in vitro growth ofsynovial cells. The addition of 2ME may not be necessary, because DCs survived in a medium free from 2ME.
Three different types of synovial cells (FCs, MCs, and DCs) that have been cloned and characterized in the present experiments are represented in heterogeneous synovial cells (18, 19, 23) . Of the three major synovial cells, DCs have received particular attention as related to the pathogenesis of RA, because DCs express a large amount of Ia antigens on their surfaces, have a strong stimulatory activity in the autologous mixed leukocyte reaction, and produce a considerable amount of IL-1 (5-9).
Interleukin I Produced by Cloned Rheumatoid Synovial Cells 793 . . . C i n c i n n a t i The DCs take on a unique stellate or interdigitating appearance and may belong to a lineage similar to epidermal Langerhans cells or peripheral blood dendritic cells because these cells with a dendritic appearance are also Ia-positive and IL-producing cells and may be the principal accessory cell for antigen presentation to lymphocytes (1) .
Some investigators have claimed that the precursor of DCs is the synovial FCs (11). However, these experiments were undertaken with heterogeneous synovial cell cultures, and it is difficult to draw any definite conclusion. In this study, the three cloned cell groups were morphologically distinct, but From studies in progress we would question whether these synovial cells are unique to rheumatoid synovium, since the synovial cells from other joint diseases such as osteoarthritis and gouty arthritis have been cloned and three types of cells (DCs, FCs, and MCs) were cloned from both the above conditions in a fashion similar to RA. These cells, however, did not spontaneously produce IL-I-like factor (manuscript in preparation). These three types of synovial cells may not be unique to RA, but may be found in other arthritides. However, the functional characteristics or differentiation (or activation) stages of these cells in RA may differ from other forms of synovtis.
It is striking that the majority of the rheumatoid synovial cells, regardless of morphology, produced the IL-1-like factor spontaneously even after long-term culture. It is not certain at present whether the IL-1-like factor released from the cloned cells was identical to IL-l itself. Methods are now available to test the possibility directly, and such studies are in progress.
This is the first long-term culture of clonal rheumatoid synovial cells. They consist of three different cell types and these cells spontaneously secrete an IL-1-like factor in longterm culture. If the synovial DCs, MCs, and FCs release an IL-1-like factor in the rheumatoid synovium, it would be of interest to clarify the activity ofthis signal and the role ofthese cells in the pathophysiology of the rheumatoid joint.
